Activity patterns reflect adaptations to local biological and physical conditions. We estimated the activity patterns of 3 mesocarnivore species in a semiarid environment in northeastern Brazil: the ocelot (Leopardus pardalis), crab-eating fox (Cerdocyon thous), and oncilla (Leopardus tigrinus). We compared the overlap of daily activity among these species and to apex predators. We also estimated nighttime activity of these mesocarnivores during 2 years and compared activity peaks with those of apex predators and potential prey. All 3 mesocarnivores were nocturnal, with ocelots having only 1 record during daytime. Coefficients of overlap with larger predators were high (Δ 1 > 0.7) for all pairwise comparisons, since all species were very nocturnal. Nighttime-only activity comparisons (Kolmogorov-Smirnov tests) showed that activity of oncillas differed from that of both larger mesocarnivores and jaguar activity, suggesting temporal segregation. Contrary to our expectations, rodent activity was dissimilar from that of ocelots and crab-eating foxes, but activity of rodents and oncillas was relatively synchronous. Activity of both cat species seems limited to the cooler nighttime, and nocturnal behavior of oncillas more likely reflects activity of potential prey rather than regulation by intraguild predators. Future studies in arid regions should consider climatic factors when estimating activity patterns.
Most if not all species are subject to periodic changes in their environment (Bartness and Albers 2000) such as annual seasonality, or, on a shorter time scale, diurnal patterns. These variations cause systematic alterations in abiotic characteristics of the environment (Halle 2000 ) that a long-lived species must cope with constantly. Consequently, a species' activity pattern during the 24-h period of the day is considered to be an adaptation to these continuous cyclical changes (Beltrán and Delibes 1994) .
Distinct conflicting needs shape the activity of animal species in different contexts (Arias-Del Razo et al. 2011) . Species adjust their activities to reflect specific environmental characteristics, such as daytime temperature (Zielinski et al. 2014) or nighttime light availability (Cozzi et al. 2012) . However, interaction with other animals also can affect a species' activity. Predation risk, for instance, can significantly alter the activity of species subject to pressure from a predator (Farías et al. 2012) . Moreover, predator species may adjust their activity to match that of their prey, to maximize their predation success and energy intake (Emmons et al. 1989; Hayward and Slotow 2009) .
Mesocarnivores-a carnivore species situated at an intermediary trophic level (Prugh et al. 2009 )-may adjust their behavior to increase capture success of prey, but these species also may have to cope with strong pressure exerted by higher trophic levels in the form of intraguild killing and competition (Ritchie and Johnson 2009; Oliveira and Pereira 2013) . Mesocarnivores under influence from apex predators could change their behavior to avoid negative interactions, or be excluded from areas where larger predators occur. In that situation, temporal segregation among species should be a behavioral adaptation allowing coexistence (Carothers and Jaksic 1984; Hayward and Slotow 2009; Di Bitetti et al. 2010; Lesmeister and Nielsen 2015) . However, mesocarnivores need to trade-off the risk of intraguild predation against the risk of starvation (Schoener 1974; Cozzi et al. 2012) . High temperatures and low primary productivity, for example, may affect activity patterns (Bartness and Albers 2000) and availability (Herfindal et al. 2005 ) of prey. In such an environment, mesocarnivores could benefit more by adjusting their activity to that of prey species than by avoiding potential antagonistic encounters with larger predators.
The Caatinga, a biome in northeastern Brazil, is a semiarid landscape with high mean daytime temperatures. The Caatinga harbors 2 top predators (jaguar-Panthera onca, and pumaPuma concolor) and a diverse suite of smaller carnivores. The behavior and ecological characteristics of mesocarnivores in this region remain largely unknown, with very few studies (Marinho 2015; Dias and Bocchiglieri 2016) conducted in this biome. The objective of this study was to describe the activity patterns of 3 sympatric mesocarnivores-ocelots (Leopardus pardalis), crab-eating foxes (Cerdocyon thous), and oncillas (L. tigrinus)-in the Caatinga. We compared their activity patterns with those of larger predators and potential prey species to answer 3 questions. First, are activity patterns of these mesocarnivores affected by the high temperature of the study region? If this were the case, we would predict that these species are more active at night in the Caatinga compared to regions with milder climates. Second, do these mesocarnivores show any temporal segregations with each other or with apex predators, suggesting a behavioral adaptation to permit coexistence? Third, do the activity patterns of these species show similarities with those of potential prey, which would suggest that, besides coexistence with other carnivores, prey availability is a key factor affecting mesocarnivore activity. Answers to these questions will contribute to our understanding of factors related to coexistence and ecological requirements of carnivores in harsh environments.
Materials and Methods
Study area.-We conducted a camera-trapping study in the Serra da Capivara National Park (SCNP), a National Park in the state of Piauí, northeastern Brazil, located between 8°26′50′′ and 8°54′23′′ South and between 42°19′47′′ and 42°45′51′′ West (Fig. 1) . With an area of 1,300 km 2 , SCNP is one of the largest protected areas of the Caatinga Biome. Mean annual temperature of the study area is 26°C, normally ranging from 12°C to 45°C. However, during October and November, temperatures can peak at 50°C and above (FUMDHAM 1994) . The park stands at an average of 500-600 m elevation, with vegetation consisting of a variety of open, shrubby vegetation in rocky areas, but with some patches of high-canopy arboreal formations (Emperaire 1984; Lemos 2004) . The park has no natural permanent water sources; however, park administration implemented artificial water management consisting of numerous permanent water holes distributed throughout the park.
Study design.-We implemented the study in 2 steps, a smaller pilot study in 2007 and a more comprehensive survey during 2009 and 2010. Between February and October 2007 we installed 27 unbaited camera-trap stations along roads and trails of the southern portion of SCNP, with a mean spacing of 2.9 km between each other, covering 350 km 2 total. We used CamTrakker traps (Camtrack South Inc., Watkinsville, Georgia), a passive film camera trap, activated by heat and movement. We configured these cameras to operate 24 h per day with a 5-min delay between consecutive photos. In this survey, we observed that carnivore species were highly nocturnal (see "Results" below), and therefore, for the larger survey, conducted between September 2009 and January 2010, and again between September 2010 and January 2011, we configured cameras to operate between 1800 and 0600 h. This nocturnal configuration saved battery life and photographic film and helped to avoid camera malfunction due to heat during daytime hours. In this large survey, we installed 58 camera stations throughout SCNP, following the same disposition as the previous survey (unbaited cameras in roads and trails with 2.9-km spacing between neighboring traps), covering the entirety of the park. Because of this study design, we estimated 24-h activity patterns and temporal segregation for target species with data from 2007 (24-h cameras), and we describe and compare nighttime activity peaks with the larger data set from 2009 and 2010 (night cameras). Data analysis.-For the 24-h camera trapping, we estimated the activity patterns of all 3 mesocarnivore species and the overlap of their activity patterns between each other and with the 2 larger predators (jaguar and puma). In the night activity survey (2009-2010), we further estimated activity patterns for rodent species, as potential prey for mesocarnivores. Since the correct identification of small rodents from camera-trap records is very difficult, we did not attempt to analyze rodent species separately, but considered all rodents as a single group, like other studies on carnivore prey items (Dell'Arte et al. 2007; Monterroso et al. 2013 ). However, we could identify a few species of rodents in this study: rock cavies (Kerodon rupestris) were predominant in pictures, followed by Brazilian guinea pigs (Cavia aperea). Other smaller rodents belonged to the Muridae family and we could not identify any species. To achieve independence between consecutive photos, we considered only 1 record per species per camera per hour.
To estimate temporal activity of the different species in this study, we used Kernel density estimation (Ridout and Linkie 2009 ). This method considers each photographic record of a species as a random sample of an underlying continuous distribution, instead of grouping records in blocks of arbitrarily predefined discrete time categories (Ridout and Linkie 2009; Foster et al. 2013) . Following Ridout and Linkie (2009), we chose the Kernel concentration parameter of k = 3 with smoothness parameter of c = 1 for these calculations. With the activity pattern for each species estimated, we calculated the coefficient of overlap in pairwise comparisons for the 2007 data set (24-h cameras). This coefficient estimates how much 2 activity distributions overlap, i.e., the degree to which 2 activity patterns are similar. This coefficient ranges from 0 for no overlap, to 1 for identical distributions. For this analysis, we applied the estimator Δ 1 , as suggested by Ridout and Linkie (2009) , because this estimator performed better in simulations with smaller data sets.
For the 2009 and 2010 data set, we only had nighttime activity information. Night-only activity data, however, are not circular (a requirement for the overlap activity analysis by Ridout and Linkie 2009); therefore, we implemented a KolmogorovSmirnov test (K-S test) in the Kernel density estimator to perform pairwise comparisons between the distributions of nighttime activity among the 3 mesocarnivores and other coexisting species. Again, each photographic record was considered a random sample of a continuous distribution, instead of grouping records in arbitrary blocks of a period of time. In addition, the comparison of activity peaks during this period might show some nuances in the coexistence and behavior of the target species, which seem to be limited to nighttime activity (see "Results").
results
Daily activity patterns and overlap (2007 survey) . - We obtained 58 records of ocelots, 78 of crab-eating foxes, and 15 of oncillas in 2007. Jaguars had 282 records and pumas had 186. All mesocarnivores were predominantly nocturnal (Fig. 2) . Ocelots had only 1 daytime record (1.7%), crab-eating foxes had 10 (12%), and oncillas had 3 (20%). Crab-eating foxes had 2 activity peaks near 1900 and 0300 h, whereas ocelots showed just 1 peak near midnight. Both larger mesocarnivores started their activity at 1800 h, decreasing it around 0600 and 0700 h, which suggests primarily nocturnal behavior with some additional crepuscular activity. In contrast, daytime activity observed for oncillas occurred after noon, with activity reaching a first peak before midnight and a second peak before dawn. Crab-eating foxes and oncillas had a lower activity density in periods when ocelots showed higher activity (Fig. 2) . All pairs of mesocarnivores had high coefficients of overlap (Table 1) . The lowest coefficient for oncilla activity overlap with other mesocarnivores was still high (Δ 1 > 0.7). The coefficient also was very high (Δ 1 > 0.7) for activity overlap between mesocarnivores and both apex predators (Table 1) .
Nighttime activity (2009-2010 survey) .-This survey yielded 516 nocturnal records of ocelots, 1,015 of crab-eating foxes, and 171 of oncillas. We obtained 1,445 pictures of rodents, followed by 318 of jaguars and 186 of pumas. With this larger data set, we found that all mesocarnivores had a very similar activity pattern in the first half of the night (Fig. 3) , with activity of ocelots and crab-eating foxes more similar to each other than to that of the smaller oncilla (Fig. 3c) . The Kolmogorov-Smirnov 2-sample test showed no significant differences between both larger mesopredators (Table 2) ; however, nighttime activity of oncillas was different from that of ocelots (D = 0.13, P = 0.02) and crab-eating foxes (D = 0.12, P = 0.03). Likewise, ocelots and crab-eating foxes did not show significant differences between their activity and that of apex predators, but activity of the oncilla was significantly different from jaguar activity (D = 0.15, P = 0.01). Lastly, rodent activity was dissimilar from that of both ocelots (D = 0.14, P < 0.01) and crab-eating foxes (D = 0.13, P < 0.01), but not significantly different from that of oncillas.
Both larger mesocarnivores had a peak of activity between 1800 and 2000 h (Fig. 3) . Ocelots and crab-eating foxes had low activity just before midnight, with the fox presenting constant activity from midnight until 0500 h and ocelots having 2 smaller peaks at midnight and 0300 h. Oncillas, on the other hand, had a large peak in activity before dawn and a smaller one at midnight. Nighttime activity of jaguars, with 2 peaks, at 2100 and 0200 h (Fig. 4) , was almost opposite to activity peaks of oncillas (Fig. 4c) .
Activity of pumas was different from that of other carnivores with only 1 peak at midnight (Fig. 5) . All mesocarnivores had lower activity during highest puma activity; however, test results were not significant. Lastly, the initial peak on mesocarnivore activity, at 1800 h, coincided with the largest peak in rodent activity (Fig. 6) . After the initial peak, rodent activity was lower for the rest of the night, with a smaller peak at 0300 h and before dawn. This pattern was similar to activity of oncillas (Fig. 6c) .
discussion
Our first finding, that the 3 mesocarnivores considered in the present study were predominantly nocturnal, corroborates previous knowledge of these species in other regions (Berta 1982 Resende et al. 2014 ). However, there were differences between activity patterns observed in this semiarid environment compared to other habitats. First, although considered predominantly nocturnal, these species show some level of daytime activity in the majority of other environments, whereas in the present study, the proportion of nighttime activity was 80% or greater-considerably higher than in surveys conducted in less extreme climates (Maffei and Taber 2003; Goulart et al. 2009a; Di Bitetti et al. 2010 ). For instance, ocelots are consistently considered to be nocturnal-crepuscular (Maffei et al. 2005; Di Bitetti et al. 2006; Martínez-Hernández et al. 2015) . This activity pattern may be an adaptation to the activity of its main prey (Emmons 1987; Ludlow and Sunquist 1987; Goulart et al. 2009b ). In a controlled study of captive ocelots, Weller and Bennet (2001) found that individuals were more diurnal, with higher movement rates before feeding times. This indicates an adaptation of its activity to its food source, which also may occur with wild ocelots (Emmons 1987) . Even though wild ocelots are mainly nocturnal, daytime activity is consistently observed in other regions, albeit to different degrees (Weller and Bennett 2001; Goulart et al. 2009b; Salvador and Espinosa 2016) .
Variation in daytime activity is thought to be an adaptation to local environmental conditions (Di Bitetti et al. 2006). For example, in a study in a rainforest in Mexico, Pérez-Irineo and Santos-Moreno (2014) found that ocelots showed more daytime activity in the wet season than the dry season, reaching almost 50% of their activity during daytime in warm and humid conditions (Pérez-Irineo and Santos-Moreno 2016). In contrast, Maffei et al. (2005) , in the dry environment of the Chaco in Bolivia, found ocelots to be predominantly nocturnal. Hence, in hotter and drier conditions ocelots may concentrate their activity in the cooler nights, avoiding the intense heat during daytime hours. The lack of activity by ocelots during daytime in the SCNP supports this conclusion. This apparent association of nocturnal activity with high daytime temperatures is even more pronounced for oncillas. This small carnivore shows activity patterns that range from crepuscular to catemeral (Resende et al. 2014) , with activity at any time of the day (Graipel et al. 2014) . However, when this species occurs in sympatry with larger carnivores, it is believed to shift its activity pattern to daytime hours to avoid interspecific encounters (Oliveira-Santos et al. 2012) . Ocelots, in particular, are supposed to exert a strong negative effect on smaller cats (Oliveira et al. 2010 ) due to intraguild aggression (Ritchie and Johnson 2009 ). Nevertheless, even with a diverse composition of larger predators in SCNP, the oncilla was still predominantly nocturnal, with the bulk of its activity in the same period of that other carnivores were active. Again, the physical characteristics of this dry environment could be playing a role in shaping the activity pattern of this species, similar to ocelots, limiting its behavior to the cooler night, even if that means it must be active at the same time as larger predators.
Crab-eating foxes showed little activity during the daytime in the SCNP, like both other mesocarnivores, but unlike oncillas, its daytime activity was concentrated in morning hours. This pattern is very similar to the species' activity throughout its distribution, including other dry regions. For instance, in the dry Chaco of Bolivia, crab-eating foxes had an activity peak at 1900 h and continual but declining activity through the rest of the night and early morning (Maffei et al. 2007) . Similarly, in another study conducted in the Brazilian Caatinga, this species showed dwindling activity in the morning (Dias and Bocchiglieri 2016) . This activity pattern is the same in wetter regions, like the Atlantic Forest (Gatti et al. 2006; Faria-Corrêa et al. 2009 ), suggesting that environmental factors do not affect the activity of this species as much as they do for both cat species. Distinct physiology and food requirements may allow crab-eating foxes to be active at the same time throughout its distribution, since it is an omnivorous species capable of consuming a wide range of food items (Juarez et al. 2002; Dias and Bocchiglieri 2016 ) that can be active during different times of the day (or, in case of plant items, resources that are available at any time of the day).
As all mesocarnivores in the present study were more active at night, interspecific interactions could shape their nighttime activity patterns due to competition and intraguild killing (Fedriani et al. 2000; Ritchie and Johnson 2009) . Temporal segregation between carnivore species should occur when intraguild pressure is high (Carothers and Jaksic 1984; Di Bitetti et al. 2010), where larger carnivores inhibit mesocarnivore activity, limiting them to be active at distinct hours that reduce the chance of negative encounters with apex predators (Cozzi et al. 2012) .
Oncillas, for instance, are the smallest carnivore species occurring at SCNP. Their diet overlaps with those of both other mesocarnivore species (Wang 2002; Abreu et al. 2008; Dias and Bocchiglieri 2016) . This smaller cat suffers strong negative pressure from the larger ocelot in other regions (Oliveira and Pereira 2013) . In our study, we found nighttime activity of oncillas to be significant different from that of ocelots-with peaks approximately 1 h apart-and crab-eating foxes, suggesting some degree of nocturnal segregation. Oncillas also showed lower activity at the time jaguars had their activity peak, but no clear relation with activity of pumas. Unfortunately, without data on intraguild killing and shared resources, we cannot assert with certainty if this apparent nocturnal segregation between oncillas and larger carnivores is the result of a fine temporal adjustment to avoid intraguild aggression. The synchrony in nocturnal activity between oncillas and rodent species suggests that this small carnivore, albeit limited to the same overall period of activity as larger predators, has its activity structured around potential prey items rather than determined by intraguild pressures in this site. Foster et al. (2013) hypothesized that carnivore activity should be affected primarily by prey availability, maximizing potential energy intake and fitness (Romero-Muñoz et al. 2010) . However, in contrast with oncillas, activity patterns of ocelots and crab-eating foxes were significantly different from rodent activity. We do not know whether these rodents make up the bulk of the diet of these mesocarnivores in SCNP. Other studies on diets of crab-eating foxes showed arthropods and lizards (Dias and Bocchiglieri 2016) , or rodents and plant items (Juarez et al. 2002) , to be predominant, reflecting the species' flexible diet. Similarly, ocelots also consume larger mammals, such as armadillos and small deer species (Abreu et al. 2008 ) in different environments. Hence, both larger mesocarnivores may not depend on rodent species as much as oncillas do (Tortato 2009), but may still have their nighttime activity respond to prey availability, since we did not register every type of possible prey item in camera traps.
Overall, this study suggests that abiotic factors, particularly high temperatures and low humidity in daytime, are a key factor limiting daily activity of both ocelots and oncillas in this harsh habitat. The virtual absence of daytime records for ocelots and the high degree of nighttime activity of oncillas in a region with a diverse set of larger predators, without strong temporal segregation between these carnivores, reinforces the importance of environmental characteristics for these species' temporal behavior. This study also shows that crab-eating foxes are capable of withstanding a harsh environment without any clear effect on their daily activity in comparison to other regions, demonstrating a high tolerance of different environmental contexts compared to both cat species. Future studies in semiarid regions should include the effect of climate on activity patterns of mesocarnivores before interpreting correlations with other ecological variables to present a more accurate description of these species behavior. and 309182/2013-1), and Fundação de Apoio à Pesquisa do Distrito Federal (FAPDF-Pronex 193000563-2009 
